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Abstract 
Controlling financial risk is an important issue for financial institution. For the necessity of risk management, the first task is to 
measure risk. Value-at-risk (VaR) was developed by J.P. Morgan in 1996 and has been commonly used by practitioners to 
quantify risk. We will use equally weighted moving average approach, the exponential weighted moving average approach, 
Monte Carlo simulation and the history simulation approach to calculate VaR. The result shows that the financial risk is 
evaluated successfully by VaR. The higher of confidence level, the larger of VaR. If the confidence level is low, VaR is similar 
for different approaches. However, VaR is quite different for different approaches if the confidence level is high. 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the organizers of the 2013 International Conference on Information 
Technology and Quantitative Management
Keywords Value-at-risk, risk management, Monte Carlo simulation 
1. Introduction 
John C.Hull[1] has pointed out a financial institution usually calculates each of these measures each day for 
every market variable to which it is exposed because of the whole world financial markets. Financial institution’s 
traders can obtain valuable information by some risk measures. However, for the executives these measures’ 
function is limited. Value-at-Risk supplying a single number summarizes the all of the risk for a financial assets 
portfolio.  
For the necessity of risk management, the first task is to measure risk. Value-at-risk was developed by J.P. 
Morgan in 1996 and has been commonly used by practitioners to quantify risk. Shu-Ying Lin[2] has found that it is 
generated by the left tail of a probability distribution to evaluate the scale of the risk of an asset investment. VaR 
evaluates the maximal loss of holding a risky asset for a time period within a confidence level. In a multi-asset or a 
portfolio case, the correlated effect of one asset to another should be taken into consideration. 
2. Bacic principle 
2.1 The VaR measure 
When using the value-at-risk measure, Ruey S.Tsay[3] believe this conclusion of following form: 
I have X percent certain there will not be a loss of more than V dollars in the next N days. 
———— 
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The variable V is the VaR of the portfolio. It is a function of two parameters: the time horizon (N days) and the 
confidence level(X%). The time horizon asks how long VaR of portfolio continue in the future. Liquidity of the 
assets in the portfolio determines the time horizon, which is divided into one day, one week or one month. Risk 
attitude of risk managers determine the confidence level, which is from 90 percent to 99.9 percent. 
2.2. VaR evaluation methods 
In the literature, the models for evaluating VaR can be classified into two broad categories: parametric models 
and non-parametric models. In this paper, the equally weighted moving average approach, the exponential 
weighted moving average approach, Monte Carlo simulation and the history simulation approach will be adopted 
to calculate the portfolio VaR.  
2.3. Equally weighted moving average approach 
When we adopt the equally weighted moving average (MA) approach calculates portfolio VaR, we should 
obtain the sample means and variance-covariance in a given and fixed window length. C.F.Wang[4] suggest us to 
adopt new data to calculate VaR for the new day and take a portfolio at day t with m assets for example: 
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Ri is the return of individual asset i; Rp is the return of the portfolio; Rp added by a line above is the sample 
mean of Rp; Wp is the portfolio weights and n is the time window. In the equally weighted case, Wi=1/m for all i. 
The VaR in the (1- ) confidence level is the sample mean minus the  percentile of the standard normal 
distribution multiplied by the portfolio standard deviation. 
2.4. Exponential weighted moving average approach 
The exponential weighted moving average approach estimate the sample values by new data. Compared to the 
equally weighted moving average approach, it weighs daily data exponentially. We attach importance to the data 
closer to the evaluated day since the recent data including more useful information. Thus, recent data will have 
more weight than older data.  is a number between 0 to 1. It decides the rate of data decay, which is called decay 
factor when they are distant from the evaluation day. When  is bigger, the older data have more weight. 
According to the RiskMetrics Technical Document of J.P. Morgan[5], 0.94 is a more suitable choice for daily data. 
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pp ZRVaR ˆ)(                                                                  (5) 
When we obtain the  of portfolio, we can evaluate the VaR of next day. 
2.5. Monte Carlo simulation 
The price of underlying assets i, Si follow geometric Brownian motion as given as: 
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Where i and i are the mean and the standard derivative of the price of underlying asset i respectively, while 
i,t is a random drawing from a standardized normal distribution for asset i at time t indicated by Hong-gang 
Xue[6]. In reality, one underlying asset correlates another in the same portfolio so that correlation between two 
assets should be taken into account. In the simulation process, the correlation effect is described by i and j for 
assets i and j. Take n assets for an example: 
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Where i is the random variables of standardized normal distribution independently, i and j are standardized 
normal distribution with correlation ij. 
We can decompose the correlation matrix by the Cholesky decomposition to do the Monte Carlo simulation. 
We can get one path of the portfolio by multiplying them with their weights after simulating the paths of each asset 
of the portfolio. We can obtain the distribution of the portfolio payoff by repeating this process. At last, we can 
find the VaR at the probability level of . 
2.6. History simulation approach 
Jun-zhou Hua[7] believe the history simulation approach can be described as follow. We calculate the payoff of 
individual assets for n days of a given day. Thus, the n past returns of the portfolio can be evaluated by n days’ 
returns with multiplying the portfolio weights. 
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Therefore, we regard these n past returns of the portfolio as the possible payoff of the portfolio. And we 
calculate VaR in the future day by finding the bottom return value. 
2.7. VaR test 
Whatever the approach we adopt for evaluating VaR, an important check is to test whether the VaR we are 
computing is suitable for the portfolio. The first measure is called back testing. For example, after we get the 1-day 
99% VaR, we should find how often the loss in a day exceeded the 1-day 99% VaR. That’s the function of back 
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testing. If this happened about 1% of the day, we can feel happy with the approach we adopt, but if it happened 
about 5% we should suspect the methodology we use.  
The second is called Mean square error (MSE): 
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The third is called Mean absolute deviation error (MADE): 
1
1
,
1 t
nts
sp VaRRn
MADE                                     (11)                          
Where Rp,s is the portofolio returns for each day, VaR is what we are computing for different approaches. 
F.Jiangqing, G.Juan support[8] that the bigger value the MSE, MADE are, the better the VaR is. 
3. data sources 
We collect 20 securities of public trading companies on the Shanghai Stock Exchange, and the data are from 
January 1 2011 to the end of 2011. We construct a portfolio with 20 securities based on the following criterion: a 
portfolio formed by size, which means the stocks are selected by the firm’s size to reduce the size effects and the 
weight of each stock is 0.05. We partition 20 stocks set into 3 parts in accordance with their market value: the top 
30%, the middle 40% and the bottom 30% of the firm’s market value. The number of stocks in each part is based 
on the percentage of these 3 parts, which is 6, 8, 6 stocks in the top, middle and bottom parts, respectively. What’s 
more, we find 2 different windows to test in order to describe the effect of sample window. Thus, the portfolio we 
establish is within 2 different window lengths which is 3 months and 6 months. 
4. empirical research 
4.1. VaR evaluation by size 
We establish a portfolio of 20 securities by size. That indicates we select the stocks that based on the company’s 
market value to avoid the size influence since people always choose the stocks by the size trading strategy. We 
divide our 20 securities into 3 parts according to their size, so we get 3 kinds of type stocks and the number of each 
part is 6, 8 and 6, respectively. Last but not least, the portfolios are also made within different window length: 3 
months and 6 months as we mentioned above. The results are shown in table 1. 
Table 1.VaR result 
 
approach confidence 3 months’ 
VaR 
6 months’ 
VaR 
=0.05 0.038617 0.030735 MA 
=0.025 0.042861 0.041592 
=0.01 0.048874 0.048658 
=0.05 0.039856 0.031985 EWMA( =0.94)
=0.025 0.044639 0.044871 
=0.01 0.052386 0.052133 
=0.05 0.040739 0.032042 Monte Carlo 
=0.025 0.047052 0.047692 
=0.01 0.057962 0.055729 
History =0.05 0.041661 0.041029 
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=0.025 0.047137 0.051917 
=0.01 0.058752 0.058752 
From table1, we know that the greater the confidence is, the greater the VaR is. As a result, it indicates that 
different investors have different attitudes to risk: on the one hand, cautious investors may choose 99% or 97.5% 
confidence level, on the other hand, aggressive investors may choose 95% confidence level. What’s more, it 
reveals that for the smaller confidence level the VaR values calculated by different approaches is not very different, 
but for the greater confidence level the difference of different methods is relatively large. 
4.2. VaR test by back testing 
The results of the back testing for different approaches in 6 months are shown in the following figures. 
 
Fig.1. the back testing of Monte Carlo simulation 
 
Fig.2. the back testing of exponential weighted moving average approach 
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Fig.3. the back testing of equally weighted moving average approach 
In the figures above, the spots surrounded by red rectangles mean frequency of corresponding loss in a day 
exceeded the 1-day 99% VaR, the spots surrounded by red and green rectangles mean frequency of corresponding 
loss in a day exceeded the 1-day 97.5% VaR and the spots surrounded by red, green and purple rectangles mean 
frequency of corresponding loss in a day exceeded the 1-day 95% VaR. From the 3 figures, the performance of 
equally weighted moving average is not well. The results of exponential weighted moving average and the Monte 
Carlo simulations are very consistent, but the Monte Carlo simulations is relatively better. 
4.3. VaR test by MSE and MADE 
The results of MSE and MADE test for different approaches in 3 months are shown in the table2. 
Table 2.VaR test results 
 
approach confidence MSE MADE 
=0.05 0.0018534 0.039244 MA 
=0.025 0.0022045 0.043488 
=0.01 0.0027636 0.049501 
=0.05 0.0019521 0.040483 EWMA( =0.94
=0.025 0.0023623 0.045266 
=0.01 0.0031236 0.053013 
=0.05 0.0020244 0.041366 Monte Carlo 
=0.025 0.0025866 0.047679 
=0.01 0.0037459 0.058589 
=0.05 0.0021015 0.042288 History 
=0.025 0.0025947 0.047764 
=0.01 0.0038391 0.059379 
From table2, the results of MSE and MADE test are almost consistent with back testing. The performance of 
equally weighted moving average is not well, and Monte Carlo simulations is better than exponential weighted 
moving average. 
5. conclution 
Nowadays, investors have more financial products to choose from. The VaR evaluation of a portfolio is 
becoming more and more important. From what have been discussed above, the MA and EWMA approach have 
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the advantage that the calculation is simple and easy to understand, the disadvantage is that the assumption which 
yields obey the normal distribution is not necessarily correct. Thus, before VaR is calculated we should do the 
normality test. Historical simulation approach is intuitive, easy to calculate, however, it depends on the sample 
data very much. Monte Carlo simulation has accurate results, but this method pays attention to the choice of the 
random process asset prices obey so much. As a result, we suggest Monte Carlo simulation is a better method of 
VaR calculation with the rapid development of computer technology. 
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